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Abstract
Buildings have a significant impact on energy usage and the environment. Much of the
research in architectural sustainability has centered on economically advanced countries because
they consume the most energy and have the most resources. However, sustainable architecture is
important in developing countries, where the energy consumption of the building sector is
increasing significantly. The aims of this thesis are investigating using the hybrid system, which
formed by interconnecting two source of renewable energy as solar (PV arrays) and wind
(turbine) along with city grid for compensation purposes wherever it is required. In this thesis,
after literature review, we consider the case study and its assumptions, System description and its
characteristics following by discussion of renewable energy sources in more details.
Furthermore, the optimization and prediction issues and the data uncertainty in this field have
considered. Then, the net logo programming language is utilized for simulation of the system and
it is written in Java. Finally, we provides conclusion regarding the finding of the study and later
states the contribution of this thesis.
Key words: Net zero energy building (NZEB), Solar, Wind, Simulation, Net logo
programming.
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Chapter 1: Introduction
1.1

BACK GROUND AND RESEARCH MOTIVATION

During the last ten years, the world has awakened to the fact that fossil fuels are causing
tremendous damage to the earth. More importantly, these non-renewable energy resources are
quickly dwindling and will no longer be available in the near future due to rapid exploitation.
Environmental phenomenon, such as global warming and depletion of the ozone layer attributed
to emissions from massive fuel combustion are slowly but surely causing widespread problems
to every living thing on earth. For example, on an annual basis, buildings in the United States
consume 36% of America's energy and 65% of its electricity. Currently, the vast majority of this
energy is produced from non-renewable, fossil fuel resources. With uncertainty over the
availability of fossil fuels into the future, rising demand for fossil fuels, rising concerns over
energy security (both for general supply and specific needs of facilities), and the potential that
greenhouse gases may be negatively affecting the world's climate. Hence, it is essential to find
ways to reduce load, increase efficiency, and utilize renewable fuel resources in facilities of all
types. Renewable energy is one very effective solution available today [1]. Solar cells represent
the fundamental power conversion unit of a photovoltaic system [2]. Generally, the Solar Cell
performance varies with the weather. Especially in the winter in the thermal power plant areas
the presence of fog, dust affect the Solar cell performance. So, the solar tracking system is used
for increasing the efficiency of the overall system.
In particular, meeting the energy demand in a hybrid system for net zero building is
challenging task that required taking into account many different elements. The main concern is
that the renewable sources of energy alone cannot meet the required electricity demand and
continuously. In addition, the availability of the generated power depends on the weather and
climatic condition.
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1.2

STATEMENT OF PROBLEM

The primary objective is to reaching optimal solution and optimizes the energy model for a
Net Zero Energy Building (NZEB) that use interchangeable system (solar, wind and regular
power) as its main source of energy generation.
The building industry can significantly reduce energy use by incorporating passive and
active energy strategies into the design, construction, and operation of new buildings and
existing buildings. This will further reduce fossil fuel dependency by increasing use of on-site
and off-site renewable energy sources.
The concept of a net zero energy building (NZEB) is to produce as much energy as it uses
over the course of a year. Currently, there are only a small number of highly efficient buildings
that meet the criteria to be called “Net Zero.” Because of advances in construction technologies,
renewable energy systems, and academic research, creating Net Zero Energy buildings is
becoming more and more feasible.
While the exact definitions of metrics for “net zero energy” vary, we at DVAC approach
Net Zero Energy Design by combining: passive energy strategies; create exemplary building
design to minimize energy requirements; renewable energy systems that meet these reduced
energy needs.

Figure 1.1: Illustration of Net Zero Energy Building (NZEB.) [61]
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This study aims to review the energy generation by renewable sources and optimize the
distribution of the energy through the simulation model for a net-zero building. For this purposes
two main source of renewable energy, wind turbines and solar energy are implemented within an
interchangeable system. However due to the limitation of renewable, which is not always
available to use, city power supply has been considered as an alternative to them.
Recently many literatures have conducted extensive research on the modeling of
centralized energy system for buildings structure. However, the problem with using centralized
energy is that the structure of it does not allow interaction between different sources of energies
such as renewable and conventional city power in this case study. In addition it cannot fulfill
other objectives like fault tolerance on an element [3].
In other hand in decentralized energy system, a number of smaller power plants produce
the electricity. In the other words, it could state that the energy is produced at the same place.
The decentralized energy system is more consumers interactive and it could more properly meet
the requirements of this study.
The agent-based simulation will develop by using Net Logo software (multi agent
programmable modeling environment). The ABS consists of set of agents that characterized by
attributes, interact with each other through the appropriate defined rules, and provides graphical
interface.

Figure 1.2: System Overview.
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Moreover proper operation strategy needs to be implemented regarding the uncertainty of
renewable energy sources. The main uncertainties are considered physical like climate change
and technical such as storage issues.
The primary considered agents could be as:
1. Building agent (represent energy consumption)
2. Energy generation agent
3. Environment agent to simulate the weather (temperature and weather)
4. Decision agent to differentiate the off-peak and on-peak and decide to charge the storage
during off-peak and discharge it or use regular generated electricity.

1.3

OBJECTIVE OF THE THESIS

In this study, the aim is investigating using the hybrid system, which formed by
interconnecting two source of renewable energy as solar (PV arrays) and wind (turbine) along
with city grid for compensation purposes wherever it is required. It is believe it is the best
approach to meeting the energy demand of the building that being cost effective and reliable.


Objective: To develop and verify the Agent based modeling technique for optimization of
power distribution in a building that has utilized wind and solar energy as its main
sources of energy.

1.4

SCOPE AND LIMITATION
The study focuses on agent based modeling technique in order to optimize the power

distribution in a net zero building. It is a building that is efficient enough to produces as much
energy as it consumes. For demonstration purposes of the applied method, some assumptions are
made for testing the robustness of the model.
The major scope of this thesis is to investigate the agent based modeling techniques to
optimize the distribution of generated power from two source of renewable energy (solar and
wind) along with using city power for compensation purposes. The region of the model under the
study considered El Paso and the time of the model execution is assumed to be during the
summer. By optimizing the power distribution in a net zero energy building, saving energy bills,
4

improving the health and wellbeing to maintaining the competitive advantage are obtained from
multiply ways.
While this thesis focuses on used of agent based modelling (ABM) for energy
optimization, several limitations are not considered here. These limitations are listed below.


The forecasting issues due to the weather uncertainty in the region under study have not
been considered.



Mathematical models, for instance the output amount of energy from solar panel and
wind turbine are not incorporated.



Design of the solar panel and wind turbine (size, material, and components) are not
discussed.



Design of the building and its energy consumptions for a specific period has not included

and the focus of this thesis is only on distribution of generated energy without setting any target.

1.5

ORGANIZATION OF THESIS

The structure of this thesis is organized in five chapters.


Chapter-2 focuses on net zero energy building (NZEB) at first, and then it presents a
literature review, discussing the methods that have been already utilized in energy
management. In addition, an acknowledgement of the application of multi-agent system
in energy management has been provided.
The literature review begins with discussing net zero energy building (NZEB) and then it
investigates energy management system (EMS). Later it provides details regarding
centralized and then decentralized control systems. It follows by explanation of Multiagent technology in energy management system.



Chapter-3 compromises of the case study and its assumptions, System description and its
characteristics following by discussion of renewable energy sources in more details.
Furthermore, the optimization and prediction issues and the data uncertainty in this field
have considered.



Chapter-4 focuses on the simulation of the system. It includes defining of agents,
interaction between them and their model implementation. Then in the design section, the
system configuration is discussed. Finally, the Net Logo programming language will
5

utilize to simulate the system and in the code analysis section, the written codes are
explained.


Finally chapter-5 is divided in two main sections. The first section provides conclusion
regarding the finding of the study and later states the contribution of this thesis. In the
second section of chapter-5 based on the gained experiences during this study
recommendations regarding further research are provided.
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Chapter 2: Literature Review
2.1

INTRODUCTION

This chapter focuses on net zero energy building (NZEB), energy management system
(EMS), and multi-agent system. It provides definition of NZEB and a classification system for
NZEBs based on the renewable sources a building uses, then it explains EMS following by
discussion of centralized and decentralized controllers system and their applications in the
energy management system. Later in this chapter, the agent based system and its utilization in
energy management system has been discussed.
2.2. NET ZERO ENERGY BUILDING (NZEB)
As previously mentioned, a net-zero energy building (NZEB) is a residential or
commercial building with greatly reduced energy needs. In such a building, efficiency gains have
been made such that the balance of energy needs can be supplied with renewable energy
technologies. Past work has developed a common NZEB definition system, consisting of four
well-documented definitions, to improve the understanding of what net-zero energy means.[4]
For this section, According to [4] a classification system for NZEBs based on the
renewable sources a building uses is created. A building that offsets all its energy use from
renewable resources that are available within the footprint is at the top of the NZEB
classification system at an NZEB (A). A building that achieves an NZEB definition through a
combination of on-site renewables and off-site purchases of renewable energy credits is placed at
the lowest end of the NZEB classification at an NZEB (D). The goal of this type of classification
is to encourage NZEB owners and NZEB designers to first use all possible cost-effective energy
efficiency strategies, and then use renewable sources and technologies that are located on the
building and at the site. It has provided for lower classes of NZEB to include buildings whose
energy use exceeds the renewable energy available at the site. This NZEB classification system
is applicable to both single building projects as well as a set of buildings in a community or
campus.

7

Figure 2.1: NZEB Classification Flow Chart. [4]

In concept, an NZEB is a building with greatly reduced operational energy needs. In such
a building, efficiency gains have been made such that the balance of the energy needs can be
offset by renewable technologies. Torcellini et al. [5] developed an NZEB definition system to
improve the understanding of what zero energy means. They developed four documented
definitions—net-zero site energy, net-zero source energy, net-zero energy costs, and net-zero
energy emissions. Each NZEB definition, corresponding to a different energy use accounting
method, has merits as a zero energy design goal; however, there is no single best accounting
method. The NZEB definition used should align with the owner’s goals for the project. This
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paper adds another dimension to the NZEB definitions based on a hierarchy of possible
renewable energy (RE) supply options for NZEBs.
It is proposed that a classification grading system for NZEBs based on the RE sources a
building uses. NZEB classifications from NZEB (A) to NZEB (D) are proposed based on the RE
type and location with respect to a building. This classification system recognizes that there are
many possible RE supply options, depending on the site constraints and locally available
renewable options. We also look at how this classification applies to the previously developed
NZEB accounting methods. This technical report further documents and details a classification
system that was originally summarized by Crawley et al. [6].
Using NZEB design goals takes us out of designing low-energy buildings with a percent
energy savings goal and into the realm of a more sustainable energy end. The goals that are set
and how those goals are defined are critical to the design process. The definitions will influence
designers who strive to meet the goals [7]. Because design goals are so important to achieving
high-performance buildings, the way an NZEB goal is defined is crucial to understanding the
combination of applicable efficiency measures and RE supply options. This NZEB accounting
and classification system is applicable to owners developing design goals, to architects and
engineers tracking the modeled performance of the design, and to operators measuring the
energy use. The NZEB status should be measured, reviewed, and tracked each year.

2.3

ENERGY MANAGEMENT SYSTEM

Today, the world's population already exceeded 6.0 billion and energy consumption has
grown increasingly. According to current consumption, an energy management system (EMS) is
required to ensure efficient utilization of all available renewable energy sources and improve the
optimal control of input energy usage and energy consumption. An EMS is a system of tools to
perform various operations such as setting operating point of individual elements in the system,
controlling energy delivered and stored by energy storage systems, and managing energy used by
the loads [8]. In fact, this system guides the flow of energy through the supply system.
Typically, many works pertaining to energy management systems are based on centralized
controllers. The main purpose of using the centralized approach consists in providing broad
observable of the micro grid. In the literature, one can find a number of review papers on
9

centralized EMS. For instance, Almada et al. [9] presented a centralized energy management
system to a micro grid with distributed energy resources connected to a single bus including a
PV system, a fuel cell, and a battery bank. In another study, Elsied et al. [10] utilized a
centralized EMS to coordinate the micro-generators with the main grid for minimizing the
greenhouse gases (GHG) emissions, energy costs, pollutant emissions, and hence maximizing the
output of the available renewable energy resources. In [11], a generic centralized supervisory
control scheme introduced for managing power converters based hybrid micro-grid system that
consists of wind generators, photovoltaic system, multiple parallel connected power converters,
utility grid, ac, and dc loads. Furthermore, Olivares et al. [12] presented the mathematical
formulation of the energy management of micro grid problem decomposed into unit commitment
(UC) and optimal power flow (OPF) problems and implemented in a centralized EMS for
isolated micro grids. An example of typical centralized EMS architecture is summarized in
Figure 2.2.
On the other hand, energy management systems based on decentralized control is more
robust and less complex than centralized management. The main purpose of using the
decentralized approach is that the managed micro grid has much higher chances of partial
operation in cases when malfunctions occur at different parts of it, instead of a complete system
breakdown [13].
2.4

AGENT SYSTEM

In recent years, some decentralized control schemes based on agent system (AS) have
been widely used for application in the field of energy systems and micro grids for distributed
control and energy management. The AS can be defined as a collection of autonomous entities
called agents has the capacity of calculating, perceiving, reasoning, operating, and
communicating [14]. In fact, this definition implies the agents' capability of sensing the
environment in order to interact with the environment. As examples of agent system applications
in energy management, Novosel et al. [15] proposed the agent based modelling (ABM) for the
modelling of the hourly distribution of energy demand of EVs (electric vehicles) and use the
calculated load curves to test their impact on the Croatian energy system. Durana et al. [16]
developed an agent based modeling approach to extend the multicarrier energy networks. They
10

also presented a model of the energy network in a hybrid car as a case study to demonstrate the
benefits of a dynamical extension. Kuznetsova et al. [17] extended a framework for energy
management of micro grid based on ABM, in which each player intended is modelled as an
individual agent aiming at a particular goal, (i) decreasing its expenses for power purchase or (ii)
increasing its revenues from power selling. Weidlich and Veit [18] discussed a considerable
amount of relevant papers in agent-based electricity market research.

Figure 2.2: Typical centralized EMS for distributed generation system. [9]

With development of agent technology in recent years, multi-agent system (MAS) has gained
attention many power system researchers’. Multi-agent system is composed of some agents
interacting in a common environment. The MAS can be applied in energy management systems
to achieving distributed control. An example of typical decentralized EMS architecture for a
micro grid operating in MAS is shown in Figure 2.3.
Generally, the result of the use of Multi-agent technology in energy management includes the
features of adaptability, initiative and collaborative that is explained below [19]:

1. Adaptability: Based on the information of energy, agent can discover the characteristics of
energy consumption reason the optimistic needs and establish consumption plan

11

1. Initiative: Agent can initiatively find the corresponding information based on energy demands,
and even can monitor the changes of energy sources
2. Collaborative: Agents can share the information with other Agents.

Figure 2.3: Typical decentralized EMS for distributed multi-agent system. [18]

There have been many applications of MAS in distributed management systems. Radhakrishnan
and Srinivasan [8] proposed a multi-agent system based distributed EMS to perform optimal
energy allocation and management for grids comprising of renewables, storage and distributed
generation. Their system also helps to achieve reductions in carbon footprint by maximizing the
use of clean energy like solar and wind. Rahman et al. [20] developed an innovative agent-based
distributed reactive power management scheme to improve the voltage stability of energy
distribution systems with distributed generation units. They also designed a linear quadratic
regulator with a proportional integrator within the MAS framework for the control agent in order
to deploy the control tasks. A multi-agent system based decentralized control architecture was
developed in order to provide control for the complex energy management of the distributed
generation system in [21]. Dou et al. [22] presented a MAS based hierarchical decentralized
12

coordinated control to solve the energy management issue of a distributed generation system
(DGS) by ensuring energy supply with high security. In [23], a decentralized MAS was used for
coordination of active demand and plug-in electric vehicles that was able to increase security and
quality of supply, improve energy efficiency and reduce the energy cost. Rahman et al. [24]
designed a new distributed multi-agent scheme for reactive power management in smart
coordinated distribution networks and with renewable energy sources under various operating
conditions to enhance the dynamic voltage stability. Zhang et al. [25] used distributed MAS for
energy management of micro grid with the weighting factor-based performance metric. In [26], a
hierarchical management and control strategy based on MAS structure for high-penetrated
distribution grids was proposed in order to improving the integrative performance regarding
dynamic stability, self-healing, security, as well as economic and environmental benefits.
Muttaqi et al. [27] investigated different agent-based control schemes for the automation of the
distribution system in smart grids. Moreover, they presented global automation standard and
suggested a combined strategy for demand-side management (DSM). Zhang et al. [28] proposed
a fully distributed multiple agent system based optimal reactive control strategy to improve
energy efficiency and voltage profiles of the power grids under different operating conditions.
Logenthiran et al. [29] used MAS for energy resource scheduling of integrated micro grids in a
distributed system and examined the use of MAS as an essential tool to coordinate the available
energy sources in a reliable and cost effective manner. A distributed multi-agent coordination
system introduced to ensure optimal energy exchange between the distributed energy resources
and the loads for a micro grid, in grid-connected and islanded mode in Ref. [30]. Das et al. [31]
developed an intelligent multi-agent framework for controlling the reactive power and
demonstrated the feasibility of applying multi-agent approach to managing power and
performance in server clusters through a proto-type of an integrated solution of power
management for data center.
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2.5

Data Requirements

in order to validate a model, a set of data should developed that are including a training
set that is used to build up a model, while a test (or validation) set is implemented to validate the
model.

Figure 3.4: Data Mining Analysis Process.

[60]

The biggest issue in designing the ABM system is the uncertainty regarding the inevitable
change of climate. In order to ABM being validated constantly against the environment and
improve the capability of correct prediction of the system, the agents should be able to updating
their decisions according to the changes in the environment.
Two main factors could affect the validation of the prediction of ABM system. They are
illustrated as below [42]:
1.

Dynamic nature of environment: In the real world, the environment changing
unpredictably over the time, therefore it will lead to that the ABM system loses its
validity. For instance, an ABM learns a rule "if weather is sunny then plays golf at
timestampt1”. This rule is changed to "if weather is sunny and raining then do not play
golf,” at timestampt2. Since the ABM does not accommodate this change, therefore it
continues to use the original rule and hence becomes invalid after timet2 [42].

2.

Amount of data available related to environmental changes: The correct prediction of
outcome in ABM system directly related to the amount of data that it trained. The ABM
14

system outcome could be randomly guessed if the different situation has not experience
in its training data set.
Therefore, to have a more reliable predictive ABM system, the training data must be
updating, so the agent is able to learn from it past, detect the change in environment and change
its behavior synchronizing to the changes [42].
Mainly the predictive data mining is best approach to meet the requirements. The predictive data
mining defines as "focuses on building a model that maps a situation, in terms of conditions
describing it, to its corresponding output. Such a model can then be used to predict the outcome
for unseen or future situations [43].

2.4

SUMMARY

Chapter 2 provided an in-depth literature review about the net zero energy building and
energy management system. It discussed and compared centralized and decentralized controllers.
Also provided a detailed review about the agent based modeling techniques used for energy
management system. Finally, the importance of MAS for optimization of energy distribution was
discussed.
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Chapter 3: Methodology
3.1

INTRODUCTION
This chapter presents the case study of the system. It includes the assumption regarding

the time, region and sources of energy that will be used in this study. In addition, system
description, its model, and the characteristics of the system under study will be discussed. Later
in this chapter the renewable energy mainly the wind and solar that are used in this study are
discussed in depth. In the last section of this chapter, the prediction and prediction issues will
discussed in more depth.
3.2

CASE STUDY

In this project in order to demonstrate the stated algorithm, a simple practical scenario
with the following assumptions has formulated and simulated in Net logo; there is a building that
its required electricity needs to be provided through renewable energies, solar and wind in here.
The building has equipped with a battery with an indicator. When the indicator shows that the
stored electrical energy is lower than a certain required amount, depends on the time of the day,
three source of energy as solar, wind and city power would be utilized.
By considering the weather in El Paso the twenty fours of a day has divided into three periods.
1. From 7AM to 5PM, the solar energy is used.
2. From 5AM to 8PM, the power city is in used.
3. From 8PM to 7AM, the wind energy is used.
Moreover, the assigned agents are as below:
1. Building agent (represent the consumption electricity)
2. Decision agent which act according to the time of the day and the state of indicator
3. Battery agent
4. Solar, wind and city power agents
5. Environment agent (day& night)
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3.3

SYSTEM DESCRIPTIONS

In order to design the system, we have to determine what agents are needed and what the
priorities of these agents are. Therefore, some assumption must be made in order to figure out the
agent’s requirements. In this case, we assumed that there are two renewable source of generating
electricity as wind turbine and solar panel along with the city grid power for compensation
purposes whenever it is being required. In addition, a storage device like a battery will be
implementing in the system to indicate the amount of the flow generated electricity. The amount
of generated electricity later will be optimizing through the decision-making based on how much
electricity to be produced each period.
The agent-based model is used to simulate the optimization of the electricity in this study
(Figure 3.1). When the amount of stored electricity is low, the agent orders more, and when it is
high, it orders less. the sequence of the process can be define as; place the order, fill the order,
based on "ordering rule" the amount would be decided, estimate future required amount by using
"demand forecasting" rule.

Figure 3.1: Agent Base Model (ABM) System.

Environment (climate) is the main external factor that affects the agent behavior. The
environment variable in our case study is weather uncertainty.
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Figure 3.2: the Computer Simulation Design.

In Fig.3.2, the data set can be established by observing and recording the climate
condition. The four attributes are used to capture the weather condition, named as; temperature,
wind speed, outlook (sunny, rainy, or cloudy) and humidity. The number of records for data set
should be adequate to be used effectively for the proposed approach and satisfy the designed
study.
The decision of the ABM divided into three main stages:
1.

design the model; the model simulation build based on the data that are collected by
observing the real world as a numerical values, then they would formulated by utilizing
mathematical logic.

2.

The second stage is the execution of the model, which the mathematical model would
convert into corresponding computer logic algorithms.

3.

Lastly is the analysis the outcomes that dealing with the interpreting and analyzing the
simulated data [28].
The equipment agent will send a message like "help" to the power grid, the emergency

(power grid) will be trigger by this message when the level of satisfaction of the equipment agent
get below a certain amount, so it will respond quickly to compensate for the required electricity.
The prediction done will be done based on the given anticipation numbers over the different
period. The predict agent would choose the best proposition by comparing the demands over the
receive information.
18

The agents are communicating with each other through sending the messages. The main
exchange message between the agents are; preventing the over maximum power occurrence and
meeting the minimum acceptable certain level of power.
The agents that are needed to be creating in the system are as follows; Building agents,
climate agent (uncertainty), city grid agent, equipment agent (e.g. battery) prediction agent and
electricity generation agent (wind turbine and solar panel).

Figure 3.3: Overall Structure of the System.

3.4

RENEWABLE ENERGY

Renewable energy is energy that is generated from natural processes that are
continuously replenished. This includes sunlight, geothermal heat, wind, tides, water, and
various forms of biomass. This energy cannot be exhausted and is constantly renewed [33].
According to NREL report (2012) renewable energy contributed to 19% of the world total
energy consumption. The use of renewable energy is expanding sharply throughout the entire
world. For instance, EU countries have already agreed on a new renewable energy target of at
least 27% of final energy consumption in the EU as a whole by 2030. This target is part of the
EU's energy and climate goals for 2030 [34].
As it stated already in the paper, solar and wind energy are the two primary source of
renewable energy that are used in this case study. However the most important issue associated
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with integration of these two sources of energy in building power system are the Uncertainties
(behavior of weather), this challenge would be addressed in later chapters of this paper.
3.4.1

Solar Power

Solar power is radiant light and heat from the sun that is converted into thermal or
electrical energy. Solar energy is the most abundant energy resource on earth – 173,000 terawatts
of solar energy strikes the Earth continuously. That is more than 10,000 times the world's total
energy use [35].
Fast track to today and demand for solar in the United States is at an all-time high. In the
first quarter of 2012, developers installed 85 percent more solar panels compared to the first
quarter of last year. Total U.S. installations may reach 3,300 megawatts this year – putting the
country on track to be the fourth largest solar market in the world [35].
Advantages of Solar energy are as below:


economical source of energy, mainly in electricity generation



Clean and environmentally friendly



efficient and reliable source of energy



reduce the emission

There are two types of solar power generation as PV generation (direct approach) and
concentrating solar power. In PV systems, the semiconductor materials are used due to their
characteristics, which directly can produce electricity from sunlight. They can assemble in
varieties of sizes and producing different amount of electrical power. For the purposes of this
research, the PV generation is more suitable.
The output power of PV array depends on the DNI, which is the Direct Normal Irradiance, which
varies depending on the location and time during the day.
However, it must take into account that since power output of PV systems are intermittent in
nature due to its weather-dependency characteristics, unexpected variations of their power output
may increase the operating costs of the power system [37].
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3.4.2

Wind Power
Wind energy produce by converting the wind power into other form of energy such as

mechanical or electrical energy by the help of windmills and wind turbines respectively. World
wind electrical generation capacity is increasing rapidly worldwide.
Along with being environmentally friendly and clean,

3.5



the wind energy is the least expensive of all renewable energies



Very low maintenance,



no waste



does not need fuel
OPTIMIZATION OF ENERGY

There is significant concern regarding to fact that energy resources cannot be produced
for a long period and these should not be consumed without considering the issues of
sustainability and a variety of associated problems. Therefore, optimization can be considered as
an effective tool for identifying optimal strategies within energy management systems. During
the past decades, few optimization models were developed [38]. For instance, Sharma et al. [39]
proposed a method for the optimal design of a Compressed air storage and power generation
system. Kavrakoğlu [40] developed a dynamic linear programming model for the planning of
energy systems at a national scale. Smith, B.R. [41] proposed a linear optimization model for the
planning of New Zealand’s energy supply and distribution system.
Forecasting solar irradiance and wind speed is necessary to implement these two sources of
renewable energy into electric systems. The challenge of maintaining the reliability and security
of the power supply are within the power utilities, while integrating new types of renewable
technologies.
Due to its weather-dependency characteristics of the power output from the PV panel and Wind
turbine, unexpected variations of their power output may increase the operating costs of the
power system [37].
Forecasting the power output of the system can play a key role in tackling these challenges:
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Estimation of output power for a few days or a few hours later



Contribute to improve the Technical and economic integration of renewable energy into
electricity supply system



Reliability improvement of electrical energy generation



Contribute to process of dispatching power into a grid with improved efficiency in
scheduling and operation by an accurate system.

Solar PV Power Forecasting Issues are as below:


A major barrier in integrating solar PV into the grid is its unpredictability, since steady
output cannot be guaranteed at any particular time



Cloud cover



Rain



Day turning into night

Developing a reliable algorithm that can minimize the errors associated with forecasting the near
future output power generation is extremely beneficial for efficiently integrating the system into
the building.
The volatile and fluctuating characteristics of the output power from such nature-driven source
require robust forecast information for reliable and secure operation of the grid. Thus,
forecasting the output power of the system is a proficient procedure to generate accurate data for
a set schedule, [37].
Main techniques for forecasting the output power of solar and wind systems are as bellows; [37].


Time-series analysis



Regression



Neural Network



Hybrid Method: neuro-fuzzy, wavelet-NN



Others

`
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For this case study, the following information would help to effectively determine and
define the assumptions of the model.
Irradiance data will be from the location of El Paso, Texas, assuming its summer for optimal sun
time and intensity per day [45]. This information already takes into account the variation due to
clear skies and cloud presence.
The simplified DNI behavior for this case will be as Eq (3-7)[46]:

(3-1)

The DNI behavior is shown in the graph below [46], in which the maximum and minimum DNI
are graphed. The variation of the behavior comes from the standard deviation of each range.

Figure 3.4: DNI Hourly Profile in Summer
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Therefore during the time period of 7am to 5 pm the solar panel is the most suitable
source. In addition given that El Paso is a low wind speed area, low speed wind turbines are
considered for this case study. This means that the wind turbines will generate power when the
wind speed is between 3 mph and 12 mph. with considering the wind speed average based on the
past two summers, in El Paso, Texas [44], the time period of 8pm to 7am can be best time for
using wind power.
3.6

SUMMARY
Chapter 3 provided information regarding to the system description and how the system

supposed to be operated. A case study has defined for the purposes of test and validation of the
agent-based modeling techniques for the optimization of energy distribution in a building. Later
in this chapter the two types of renewable energy (solar and wind) that are used in this study are
explained. Finally, the importance of prediction for having more reliable optimization model in
the system and the problem of weather uncertainty in this matter has discussed.
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Chapter 4: Simulation, Results and Analysis
4.1

INTRODUCTION

In previous chapters, the motivation of this study, a detailed literature review of net zero
energy building (NZEB) and energy management system (EMS) and ABM application has
discussed. In addition in chapter three the case study, system description and assumption along
with prediction challenges has been discussed extensively.
In this chapter, the simulation of the system is analyzed. It consists of agents and the interaction
between them and the model implementation. Then in the design section, the system
configuration such as its inputs is discussed. Later, the Net Logo programming language will
utilize to simulate and validate the system. Finally, the main sections of the written codes will be
explained in the code analysis section.
4.2

SIMULATION MODEL

In this study, the multi agent base modeling methodology with the focused on decision
making(choosing appropriate source of energy according to time of the day), is utilized for the
purposes of optimization of the energy in the building. This simulation modeling technique
contributes to optimize the distribution of the electricity generated. In addition, Net Logo as a
simple and comprehensive simulation tool, has used for analyses and validation of the proposed
approach.
4.2.1 Agent Based Modeling Structure
Agent based modeling is a new approach for the simulation of various systems.
Applications of agent-based modeling are used in wide fields, for instance the stock market [47],
consumer purchasing behavior [48], Health Care [49] and many other applications. Figure 4.1
illustrate the structure of a typical agent interacting in agent space [50].
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Figure 4.1: the Structure of a Typical Agent.

An agent can be defined as independent component’s behavior that can range from
primitive reactive decision rules to complex adaptive artificial intelligence (AI) [51].
In other hand, Casti [52] argues that agents should contain both base-level rules for
behavior as well as a higher-level set of “rules to change the rules.” The base-level rules provide
responses to the environment while the “rules to change the rules” provide adaptation. An agent
can act autonomously, which means respond to different situation without any external direction.
Make decision independently, which required agent to be more active rather than passive.
Agent behavior describe by simple rules. They can learn and adopt themselves to improve their
environment. The fundamental feature character of an agent, which is self-organize, and the
interaction between agents could affect their behavior.
The structures of agent-based model are as follows [50]:
1. A set of agents, attributes and behaviors,
2. A set of agent relationships and methods of interaction: An underlying topology of
connectedness defines how and with whom agents interact.
3. The agents’ environment: Agents interact with their environment in addition to other
agents.
An agent is situated by living in an environment with which interacts along with other agents.
Agents have protocols for interaction with other agents, such as communication, and the
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capability to respond to the environment. Agents have the ability to recognize and distinguish the
traits of other agents [51].
4.2.2 Interaction between Agents
Two primary issues of modeling agent interactions are specifying that who can
communicate with others, and the mechanisms of the dynamics of the interactions. Both aspects
must be addressed in developing agent-based models.
Agent-based systems are decentralized systems. There is no central authority that either pushes
out globally available information to all agents or controls their behavior in effort of optimize
system performance. Agents interact with other agents, but not all agents interact directly with all
other agents at all times, just as in real-world systems. Agents typically interact with a subset of
other agents, termed the agent's neighbors. Local information is obtained from interactions with
an agent's neighbors (not any agent or all agents) and from its localized environment (not from
any part of the entire environment).
How agents are connected to each other is generally termed an agent-based model's
topology or connectedness. Typical topologies include a spatial grid or network of nodes (agents)
and communications. A topology describes who transfers information to whom. Figure 5.2
shown different topologies for agents [53]:

Figure 4.2: Different Topologies for Agent.
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4.2.3 Agent Model Implementation
Agent-based modeling can be used general, all-purpose software or programming
languages, or it can be applied specially for designed software and toolkits that address the
special requirements of agent modeling spreadsheets, such as Microsoft Excel, in many ways
offer the simplest approach to modeling. Development model is simple with spreadsheets than
with many of the other tools, but the resulting models generally allow limited agent diversity,
restrict agent behaviors, and have poor scalability.
General computational mathematics systems such as MATLAB and Mathematica, which many
people may be already familiar with, can also be used quite successfully; however, these systems
provide no specific capabilities for modeling agents.
General programming languages such as Python, Java, and C++, and C also can be used, but
development from scratch can be prohibitively expensive, as there are no dedicated libraries or
modules that focus on agent-based modeling [53].
Table 4.1: Simulation Toolkit [54]
Special Purpose Agent

General tool

Tools

Computational

General Programming Languages

Mathematics Systems

(Object-oriented)

Rapast

Spread sheets with

MATLAB

C++

Net Logo

_

Mathematica

Java

Mason

_

_

python

Any Logic

_

_

_

Swarm

_

_

_
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4.3

DESIGN

Several formats have been proposed for describing agent-based model designs. Chief
among these standards is study of Grimm et al. [55] Overview, Design Concepts, and Details
(ODD) protocol. ODD describes models using a three-part approach: overview, concepts, and
details. The model overview includes a statement of the model’s intent, a description of the main
variables and discussion of the agent activities and timing.
The design concepts include a discussion of the foundations of the model, and the details
include the initial setup configuration, input value definitions, and descriptions of any embedded
models [55].
4.4

NET LOGO PROGRAMMING LANGUAGE
Net Logo is a multi-agent programming language and modeling environment for

simulating complex phenomena [56]. Net Logo is a free ABMS environment developed at
Northwestern University’s Center for Connected Learning and Computer-Based Modeling [56].
The Net Logo language uses a modified version of the Logo programming language [56].
Net Logo is written in Java, version 1.4 and enables the user to create its own model and
explore the behavior of agents under different conditions. In addition, the language includes
commands that let you read or write any kind of text file.
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Table 4.2: Comparing Agent Based Modeling [57]
Platform of ABM

Ascap

Mason

Repast

Net Logo

SWARM

Quantity of user

Low

Growing

High

High

Low

Language

Java

Java

Java Python

Net Logo

Java

Speed and

Moderate

Faster

Fast

Moderate

Moderate

Learning facility

Moderate

Moderate

Moderate

Moderate

Moderate

Documentation

Good

Little

Little

Large

Good

Programming

The Net Logo consists of two windows; interface and procedures, the interface window contains
graphical elements and the procedures windows are user-defined functions.

Figure 4.3: Interfaces and Procedure Window [54]
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Net Logo has four types of agents that are divided into patches, turtles, links, and the observer.
Turtles are the agents and their characteristics are:


Move around (over the grid)



Make decisions



Interact with other turtles



Interact with patches



Links, which are agents that connect two turtles.

Patches are stationary and arranged in the grid cells (piece of ground), they cannot move, but can
interact with other patches, and with turtles. The observers do not have a location, they oversees
everything that's going on and does whatever the turtles, patches and links can't do for
themselves (Net Logo user manual).
In addition, in Net Logo, there are commands and reporters that tell agents what to do. A
command is an action for an agent to carry out, resulting in some effect. A reporter is
instructions for computing a value, which the agent then "reports" to whoever asked it [59].
4.5

CODE ANALYSIS

In this section of chapter 4, the main concepts of the software design are discussed. In the
initial stage of the modeling simulation, the agents should be defined and be assigned properly.
For the purposes of this study, the required agents define as:


Battery,



Sun,



Wind,



Electric-city,



Building, Environment



Day& Night
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The energy will be captured by solar panel and wind turbine. Therefore the agents for this simulation are solar
panels and wind turbines, while the City Power Supply used as a backup. The aim is firstly use the renewable
energy and use the City Power Supply as the last option. The time is during summer and its unit is a tick counting
as a minute.

Battery in use

No

Battery
charge˂10%

Ye
s
Use solar power to
charge battery

Yes

7am˂Time
˂5pm

No
Yes
5pm˂Time
˂8pm

Use city power to charge
battery

No
Use wind power to
charge battery
Figure 4.4: System Operation Flowchart.

In software section of the model we have “counter”, “time”, “reporter” to report whether it is
AM or PM, “bf!size” is to report amount of battery charge and “energy use” is to show which
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source is under the used. As it can be seen for simulation of this modeling, all the agents are
required to act accordingly on specific times. Therefore, pre-processing instructions will be
essentials.
The duration of this simulation is 24 hours. If the counter value gets less than 12 hours then it is
AM otherwise the displayer shows PM. In other hand whenever the counter amount reach to 24,
it would reset again to zero. For the battery , if it is charged bigger than 90% then the monitor
shows “battery full true” and if the charge of battery gets below 90% then the message “battery
full false” would be displayed.

Figure 4.5: Simulation Block Model.

4.6

SUMMARY
In chapter 4, a hybrid intelligent power distribution model utilizing renewable energy

sources for a building was presented. Firstly, in the simulation section of this chapter, the
appropriate agents were defined and then the interactions between these agents are developed in
details. Later the model configuration and input value definitions are discussed and provided.
This section followed by a description of net logo programming language and modeling
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environment. Later the system has simulated by the help of written appropriate codes in net logo
and finally the structure of the codes and the achieved results were discussed.
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Chapter 5: Conclusions and Recommendations for Future Work
5.1 GENERAL

The final chapter of this thesis is classified into two sections that are (i) conclusion and
contribution and (ii) Future work. The conclusion section of this chapter explained the finding of
this study in order to support the aims of the thesis. Later the major contribution of this thesis is
provided. Finally in the future work section, by considering the experiences of this thesis further
research in this study are recommended.

5.2

CONCLUSION AND CONTRIBUTION

In this work, an approach to design and optimize of power generation system in a low
energy building has been proposed. The system utilize two renewable source of energy, wind and
solar and the city power grid is available in emergency cases when the two other source will not
be available. Beside by providing numerous data along with mathematical formula, the amount
of energy generated tried to be predicted.
In this study, in order to address the system requirements the use of agent-based simulation is
explore to model the aspect of energy flow in the distributed building system. The uncertainty in
the energy system is the most challenging part of the simulation. Therefore, an optimal decision
strategy should implement in the system to overcome this issue. Later on by comparison between
different available toolkits the Net Logo software has chosen to execute the model.
Finally, the required codes have been written for a simple scenario in order to illustrate the use of
Net logo in this project.
This thesis contributed to mitigate the problem of optimization of renewable energy distribution
by developing a hybrid intelligent energy distribution system in a net zero building by utilizing
of agent based modeling system. The following were the major contribution to this thesis.


The application of the agent based modeling technique; work well with the energy
management system approach in this study.
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Optimization of energy distribution enhances the overall performance of the net zero
building.

5.3 FUTURE WORK

The future work of this study focused first on gathering the required data from the real world.
then in order to build the simulation model the agents should be defined , after that the way that
the agents are need to communicate with each other will be set through implementing different
rules. Later all the mathematical model and data should converted into the computer
programming codes and executed in the Net Logo toolkit. Finally, by using testing data the
performance of the model would be examined under different conditions.
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Appendix I
NETLOGO CODES
breed[battery]
breed[sun]
breed[wind]
breed[Electric-City]
breed[Building]
breed[Environment]
globals[day&night
counter
time
reporter
b-f
size!
rvb
Energy use
s1
s2
s3
charging
bch
patch-ch
]
turtles-own [total-battery]

to setup
clear-all
set day&night true
set counter 0
set patch-ch 0
patcheset
change-patches
setup-battery
setup-sun
setup-wind
setup-Electric-City
end

to go
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set time counter
set counter counter + Speed
ifelse counter < 12 [set reporter "AM" set day&night true ][set reporter "PM" set day&night
false]
if counter >= 24 [set counter 0]
change-patches
ask battery [ ifelse total-battery > 90 [set b-f "true"][set b-f "false"]]
check-battery
checking
;;go-charging
end

to patcheset

ask patches [set pcolor white]
ask patches with [ pxcor > 7 ]
[ set pcolor 133 ]
ask patches with [ pxcor > 24 ]
[ set pcolor white ]

ask patches with [ pycor > 24 ]
[ set pcolor white ]

end

to change-patches
if day&night = true [
;;right
ask patch 20 20 [ set pcolor white]
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ask patch 20 15 [ set pcolor white]
ask patch 20 10 [ set pcolor white]
ask patch 20 5 [ set pcolor white]

;;left
ask patch 12 20 [ set pcolor white]
ask patch 12 15 [ set pcolor white]
ask patch 12 10 [ set pcolor white]
ask patch 12 5 [ set pcolor white]
;;center
ask patch 16 20 [ set pcolor white]
ask patch 16 15 [ set pcolor white]
ask patch 16 10 [ set pcolor white]
ask patch 16 5 [ set pcolor white]]

if day&night = false [

;; ask patches [set pcolor black]
;; ask patches with [ pxcor > 7 ]
;; [ set pcolor 133 ]
;; ask patches with [ pxcor > 24 ]
;; [ set pcolor black ]

;; ask patches with [ pycor > 24 ]
;; [ set pcolor black ]
;;right
ask patch 20 20 [ set pcolor yellow]
ask patch 20 15 [ set pcolor yellow]
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ask patch 20 10 [ set pcolor yellow]
ask patch 20 5 [ set pcolor yellow]

;;left
ask patch 12 20 [ set pcolor yellow]
ask patch 12 15 [ set pcolor yellow]
ask patch 12 10 [ set pcolor yellow]
ask patch 12 5 [ set pcolor yellow]
;;center
ask patch 16 20 [ set pcolor yellow]
ask patch 16 15 [ set pcolor yellow]
ask patch 16 10 [ set pcolor yellow]
ask patch 16 5 [ set pcolor yellow]]

end
to setup-battery

create-battery 1
ask battery [ setxy 4 3
set shape "target"
set color lime
set size 4
]
ask battery[set total-battery total-battery + Battery-power
;; set label total-battery]
]
end
to check-battery
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ask battery[
ifelse total-battery > 0 [set use "battery energy"
set total-battery total-battery - 0.001
;;set label total-battery
set rvb total-battery
set color color + 1
]
[set rvb 0]
if total-battery < 0 [level2

]

]
end

to level2
if counter > 7 [ set s1 "true" set s2 "false" set s3 "false"

]
if counter > 17 [set s1 "false" set s2 "true" set s3 "false" ]
if counter > 20 [set s1 "false" set s2 "false" set s3 "true"

]
end
to checking
if s1 = "true" and s2 = "false" and s3 = "false"[ask battery[ if total-battery < 0 [ go-charging] ]
set use "solar energy"
ask sun [set color color + 1 ]
ask sun[if any? Building-here [go-reduce] ]
]
if s1 = "false" and s2 = "true" and s3 = "false"[ set bch "false"
set use "Electric City"
ask Electric-City [set color color + 1 ]
ask Electric-City[if any? Building-here [go-reduce2] ]
]
if s1 = "false" and s2 = "false" and s3 = "true"[ set bch "false"
set use "wind energy"
ask wind [set color color + 1 ]
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ask wind[if any? Building-here [go-reduce3] ]
]

end

to setup-sun

create-sun 1
ask sun [ setxy 4 9
set shape "target"
set color orange
set size 4
]

end

to setup-wind

create-wind 1
ask wind [ setxy 4 15
set shape "target"
set color blue
set size 4
]

end
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to setup-Electric-City

create-Electric-City 1
ask Electric-City
[ setxy 4 21
set shape "target"
set color yellow
set size 4
]
end
to go-charging
set bch "true"
ask battery[set total-battery total-battery + 100]
set patch-ch patch-ch + 1
ask patch patch-ch 30 [ set pcolor lime]

end
to go-reduce
set breed Building
set shape "target"
set color red
set size 0.5
ask sun[
ifelse [pcolor] of patch-ahead 1 != white
[ lt random-float 360 ]
[ fd 0.00001 ] ]
ask Electric-City[
ifelse [pcolor] of patch-ahead 1 != white
[ lt random-float 360 ]
[ fd 0.00001 ] ]
ask Building[
ifelse [pcolor] of patch-ahead 1 != white
[ lt random-float 360 ]
[ fd 0.00001 ] ]
end
to go-reduce2
set breed wind
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set shape "target"
set color red
set size 0.5
ask sun[
ifelse [pcolor] of patch-ahead 1 != red
[ lt random-float 360 ]
[ fd 0.00001 ] ]
ask Electric-City[
ifelse [pcolor] of patch-ahead 1 != red
[ lt random-float 360 ]
[ fd 0.00001 ] ]
ask Building[
ifelse [pcolor] of patch-ahead 1 != red
[ fd 0.00001 ] ]

[ lt random-float 360 ]

end
to go-reduce3
set breed sun
set shape "target"
set color red
set size 0.5
ask sun[
ifelse [pcolor] of patch-ahead 1 != orange
[ lt random-float 360 ]
[ fd 0.00001 ] ]
ask Electric-City[
ifelse [pcolor] of patch-ahead 1 != orange
[ lt random-float 360 ]
[ fd 0.00001 ] ]
ask Building[
ifelse [pcolor] of patch-ahead 1 != orange
[ lt random-float 360 ]
[ fd 0.00001 ] ]
End
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